Testing the Efficacy of Anuran Callback Surveys by Grisnik, Matthew S.
Marshall University
Marshall Digital Scholar
Theses, Dissertations and Capstones
2016
Testing the Efficacy of Anuran Callback Surveys
Matthew S. Grisnik
grisnikmatt@gmail.com
Follow this and additional works at: http://mds.marshall.edu/etd
Part of the Aquaculture and Fisheries Commons, Behavior and Ethology Commons, and the
Terrestrial and Aquatic Ecology Commons
This Thesis is brought to you for free and open access by Marshall Digital Scholar. It has been accepted for inclusion in Theses, Dissertations and
Capstones by an authorized administrator of Marshall Digital Scholar. For more information, please contact zhangj@marshall.edu,
martj@marshall.edu.
Recommended Citation
Grisnik, Matthew S., "Testing the Efficacy of Anuran Callback Surveys" (2016). Theses, Dissertations and Capstones. 1038.
http://mds.marshall.edu/etd/1038
TESTING THE EFFICACY OF ANURAN CALLBACK SURVEYS  
 
 
 
 
 
 
 
 
 
 
 
 
 A thesis submitted to 
the Graduate College of 
Marshall University 
In partial fulfillment of  
the requirements for the degree of  
Master of Science  
In 
Biological Sciences: Organismal, Evolutionary and Ecological Biology 
by 
Matthew S Grisnik 
Approved by 
Dr. Jayme Waldron, Committee Chairperson 
Dr. Anne Axel 
Dr. Thomas K. Pauley 
Dr. Shane Welch 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Marshall University 
December 2016 
 ii 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Marshall University 
December 2016 
 
APPROVAL OF THESIS 
We, the faculty supervising the work of Matthew Grisnik, affirm that the 
thesis, Testing the Efficacy of Anuran Callback Surveys, meets the high 
academic standards for original scholarship and creative work 
established by the Biological Sciences Program and Marshall University. 
This work also conforms to the editorial standards of our discipline and 
the Graduate College of Marshall University. With our signatures, we 
approve the manuscript for publication.  
 
Dr. Jayme Waldron  Committee Chairperson   Date 
 
  
Dr. Shane Welch  Committee Member    Date 
 
 
Dr. Anne Axel   Committee Member    Date 
 
 
Dr. Thomas Pauley  Committee Member    Date 
	
	
 iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
©2016 
Matthew S Grisnik 
ALL RIGHTS RESERVED 
 iv 
ACKNOWLEDGEMENTS 
 
For as long as I can remember I have had a love for reptiles and amphibians. 
This love became a passion when I went to The University of Findlay where my two 
advisors introduced me to the world of academic herpetology. My first advisor, Dr. Terry 
Schwaner, gave me my first taste of ecological fieldwork and motivated me to switch 
paths and pursue a degree in Biology. My second advisor, Dr. Jessica Wooten, has 
been one of the most influential people in my life. It was working in her lab that I learned 
many of the skills to become a scientist. Without her help, kindness, and guidance I 
would definitely not be where I am today. It is because of her that I am pursuing my 
master’s degree. 
Next I would like to thank Dr. Jayme Waldron for accepting me into her lab and 
for all of her help throughout my career at Marshall University. Her aid in writing and 
style has made me a much better writer. I have learned so much while in the lab. Most 
importantly thank you so much for providing me the tools to perform this research! I 
couldn’t have done any of this without your guidance and support. Thirdly I would like to 
thank my committee members, Dr. Shane Welch, Dr. Ann Axel, and Dr. Thomas K. 
Pauley for their support and guidance. Dr. Welch was invaluable when it came time to 
do statistics and was always challenging me to think deeper and ask bigger questions. 
Dr. Axel was always available and supportive and provided much needed 
encouragement along the way. Dr. Pauley was an encyclopedic source of knowledge on 
anything reptile and amphibian related and was an honor to have on my committee.  
I want to thank the Herpetology lab members and affiliates, Bradley O’Hanlon, Shelby 
Timm, Cory Goff, Jonathon Cooley, Theresa Houze, Berlynna Heres, Jess Conatser, 
 v 
Alex Murray, Kasey Osborne, Paige Lansky, Jessica Cantrell, Sean Wineland, Rachel 
Arrick, Mike Jungen, Kate Amspacher, and Jeff White for encouragement and support 
during our time at Marshall. Next I want to thank those that helped me in the field 
Theresa helped a lot with the dreaded frog loggers, Jonathon taught me way more than 
I could imagine about southeast herps, and Alex Murray for always keeping me focused 
on Amphibians and motivated to keep asking questions. 
Finally, I want to thank my family for all of their support through my academic 
career. Despite maybe not always understanding my passion, I appreciate all you have 
done for me and for encouraging me to pursue my dreams.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 vi 
 
 
TABLE OF CONTENTS 
List of Tables...................................................................................................................vii 
List of Figures.................................................................................................................viii 
Abstract............................................................................................................................ix 
Introduction.......................................................................................................................1 
Methods............................................................................................................................5 
 Study Site...............................................................................................................5 
 Field Methods........................................................................................................6 
  Data Loggers...............................................................................................6 
  Callback Surveys........................................................................................9 
 Data Analysis.......................................................................................................10 
Results............................................................................................................................12 
 Rana catesbeianus..............................................................................................12 
 Rana grylio...........................................................................................................12 
 Post Hoc Analysis................................................................................................13 
Discussion......................................................................................................................13 
Literature Cited...............................................................................................................18 
Appendix A: IACUC Approval Letter………………………………………………….....…..22  
 
 
 
 
 
 
 
 vii 
 
 
LIST OF TABLES 
Table 1. Pond sizes…………………………………………….......................………........…6 
 
Table 2. Contingency table for Post Hoc analysis of Rana catesbeianus response  
 to Rana grylio callbacks………………………………………...……………...….....12 
 
Table 3. Contingency table for Post Hoc analysis of Rana grylio response  
to Rana catesbeianus callbacks………….……………………………….……........13 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 viii 
 
 
LIST OF FIGURES  
Figure 1. Study site……………………………........………………..............................…....5 
Figure 2. Photographs of each projection site………………………………………............8 
Figure 3. Callback projection protocol…………………………………………….…….........9 
Figure 4. Odds ratio by species for comparison of detection after callback  
projections, compared to a pre-callback projection control………..….........11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ix 
 
ABSTRACT 
Monitoring programs often suffer from imperfect detection resulting in skewed 
population estimates, biased estimates of changes in occupancy over time, and can 
result in an underestimated proportion of area occupied (PAO) by a species. To 
increase the detection probability, researchers must increase sampling both spatially 
and temporally. Callback surveys are an active form of sampling that have been used to 
monitor many avian and mammal species. During callback surveys, the call of a 
conspecific male is projected with the intention of increasing probability of detection by 
eliciting a response from territorial males. These methods work for organisms that 
establish breeding territories and defend them both physically and vocally. Callback 
recordings have been used to incite responses in anurans since the 1960s; however, 
callback surveys have received little attention in anuran, i.e., frog monitoring programs, 
despite their potential utility for increasing detection probabilities. Because the 
successful use of animal callback surveys has largely centered on territorial species 
(eg., Botaurus lentiginosus and Rallus limicola), and anuran calling behavior is not 
always associated with territoriality, I examined the role of territorial behavior in the 
efficacy of anuran callback surveys using two congeners (Rana catesbeianus and Rana 
grylio). In this study, active sampling significantly increased the probability of detection 
for both species. Rana catesbeianus and R. grylio were 26 and 7.5 times more likely to 
be detected during active sampling, respectively. My results indicate that callback 
surveys may provide a more effective method for surveying anurans, optimizing the 
probability of detection, while decreasing spatial and temporal sampling.
 1 
INTRODUCTION 
Monitoring programs often suffer from imperfect detection (Mackenzie, 2005), 
leading to skewed population estimates, biased estimates of changes in occupancy 
over time, and can result in an underestimated proportion of area occupied (PAO) by a 
species (Mackenzie, 2005). When unaccounted for, imperfect detection probability can 
also lead to spurious habitat associations (Gu and Swihart, 2004), underestimations of 
species presence (Lahoz-Monfort, Guillera-Arroita, and Wintle, 2014), and biased 
occupancy estimates (Mackenzie et al., 2002). To increase the probability of detection, 
researchers can increase sampling--both spatially and temporally--as well as use 
multiple sampling method (Bailey, Simons, and Pollock, 2004; Mackenzie et al., 2006). 
Researchers work to optimize survey methods that maximize the probability of detection 
while reducing spatial and temporal sampling efforts (Edwards, Pauley, and Waldron 
2016).  
Callback surveys are an active form of sampling that have been used to monitor 
many avian and mammalian species. During callback surveys, the call of a conspecific 
male is projected with the intention of increasing probability of detection by eliciting a 
response from territorial males (Gibbs and Melvin, 1997). These methods work for 
organisms that establish breeding territories and defend them both physically and 
vocally. The idea behind callback survey methods is to cause the resident males to 
respond to a perceived rival. The resident male will then defend his territory with 
increased vocalizations, increasing the probability of detection. Typically, callback 
surveys are successful when males aggressively respond to calls of perceived rivals, 
thus increasing their probability of being detected during auditory surveys. The degree 
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to which territoriality plays a role in anuran calling behavior varies among species, 
possibly affecting the efficacy of anuran callback surveys for less territorial species.  
Callback surveys have been effectively used for multiple bird and mammal 
species (Babu and Jayson, 2009; Bezerra, Souto, and Jones, 2010; Conway and Gibbs, 
2005; Ganey, 1990; Hill and Greenaway, 2005; Jurskis, Douch, McCray, and Shields, 
2001; Kirkpatrick, Conway, Hughes, and Devos, 2007). Callback recordings have been 
used to incite responses in anurans since the 1960s (Jones and Brattstrom, 1962); 
however, callback surveys have received little attention in anuran, i.e., frog monitoring 
programs, despite their potential utility for increasing detection probabilities. Anuran 
monitoring relies heavily on auditory sampling, which uses a passive sampling approach 
where researchers either listen to anuran calls in the field, or use automatic digital 
recorders to record choruses of breeding males. Male vocalizations are contingent on a 
range of environmental conditions that include rainfall, air temperature, pond 
temperature, and relative humidity (Dorcas, Price, Walls, and Barichivich, 2009). Thus, 
environmental variables can make call surveys inadequate for sampling cryptic anuran 
species, particularly those that exhibit brief or punctuated breeding patterns in which 
reproduction is highly influenced by environmental conditions and is often very short.  
Callback surveys have been used in a limited number of anuran monitoring 
programs (Lehtinen and Witter, 2014; Mannan, Perry, Andersen, and Boal, 2014; Rogic 
et al., 2015; Smith, 2013; Sung, Kim, Park, and Park, 2005), despite their potential for 
increasing detection. Callback surveys have worked for some anuran species, but more 
research is needed to better understand how individual species respond to callback 
surveys. For example, previous studies failed to account for anuran life history or 
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territorial behavior. Many anuran species are territorial during their mating seasons, 
such that males respond to a perceived rival male by calling (Bee and Perrill, 1995). 
Anurans’ territorial behavior makes them ideal candidates for active survey methods.   
Because the successful use of animal callback surveys has largely centered on 
territorial species (eg., American Bittern Botaurus lentiginosus and Virginia Rail Rallus 
limicola), and anuran calling behavior is not always associated with territoriality, I 
examined the role of territorial behavior in the efficacy of anuran callback surveys. I 
used two congeners (American Bullfrog Rana catesbeianus and Pig frog R. grylio) that I 
believe vary in their degree of territoriality. Specifically, territorial behavior has been well 
documented in R. catesbeianus, where males establish territories (2-5 m2) along 
shorelines in the littoral zone (Harding, 1997). Male R. catesbeianus often physically 
defend territories via aggressive calling, posturing, and physical wrestling with intruding 
males.   
The territorial nature of R. catesbeianus has driven the evolution of vocal 
recognition, i.e., resident males of a pond are able to identify other calling males as 
familiar or unfamiliar allowing males to respond more aggressively towards novel males 
(Bee & Gerhardt, 2002; Davis, 1987). The closely related R. grylio is one of the most 
aquatic ranid species in North America (Barbour, 1920; Dodd, 2013), and they do not 
appear to hold territories along the shoreline. Therefore, I assumed Rana grylio would 
express less territoriality relative to Rana catesbeianus.  
I examined the utility of anuran callback projections as an active sampling 
approach in anuran monitoring programs. Specifically, I compared passive (no callback) 
and active (callback projections) sampling of R. catesbeianus (American Bullfrog) and 
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R. grylio (Pig frog). I projected calls of conspecific and heterospecific R. catesbeianus 
and R. grylio to ponds to determine if call projections increased the likelihood of 
detecting these species. Current anuran monitoring programs rely on passive sampling 
techniques, which often fail to adequately detect cryptic species or species that exhibit 
brief or punctuated breeding patterns (Weir, Royle, Nanjappa, and Jung, 2005), as well 
as species whose breeding is highly influenced by environmental conditions. I 
hypothesized that the more territorial R. catesbeianus would respond to projected calls 
of conspecific males, therefore increasing their likelihood of detection during sampling. 
Rana grylio is less territorial than R. catesbeianus, thus I expected that R. grylio would 
be less likely to respond to projections of conspecific males, and the active survey 
methods would not increase their likelihood of detection.  
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METHODS 
Study Site  
I conducted anuran callback surveys on private property in northern Beaufort 
County, South Carolina. I surveyed six ponds at locations that were separated by a 
minimum of 160 meters (figure 1). I chose this distance because calls at this distance 
and greater are not detected on neighboring data loggers (Mannan et al., 2014). Four of 
the six ponds were restored wetlands that were previously man made rice 
impoundments (Reserve Pond, Miles Swamp, Green Pond A, and Green Pond B), and 
the remaining two were smaller isolated upland natural wetlands (New Pond 1 and New 
Pond 2). Each pond was surrounded by vegetation. Typha species (i.e. cattails) and 
Nymphaeaceae species (i.e. waterlilies) were common at each pond; however, density 
Figure 1. Study site 
Study site, ponds are outlined in red, yellow spots indicate areas where 
callbacks were done.  
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and composition varied. All but one pond contained emergent vegetation (figure 2 and 
table 1).  
 
 
Field Methods 
Data Loggers 
I placed acoustic data loggers (Wildlife Acoustic, Song Meter SM2) at three of the 
ponds for ten days before initiating callback surveys to establish that the focal species 
were in the ponds and to collect sound files of frog calls for later use in callback 
projections. I used frog call recordings collected between 5 June and 15 June 2015 as 
the treatment in experimental callback surveys. To create treatment calls, I isolated 
anuran vocalization recordings from ambient noises using the band filter in Raven Pro 
1.5 ©. I selected recordings where single males could be easily isolated from other frogs 
and background noises. I copied the recorded calls and repeated them to create a 
continuous, one-minute recording using Raven Pro 1.5 ©. Two to ten seconds of silence 
separated each call before the calls were repeated in an effort to simulate a male 
repeatedly calling for one minute (personal observation). The number of call groupings 
and the number of calls within each grouping varied. Rana catesbeianus typically had 
one call grouping containing five to seven calls repeated four to five times in the one-
Pond Size (m2) 
Reserve Pond 272,828.62 
Miles Swamp 205,199.05 
Green Pond A 47,073.62 
Green Pond B 31,933.38 
New Pond 1 4,911.14 
New Pond 2 20,278.77 
Table 1. Pond sizes. Size of each study pond. 
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minute projection. Rana grylio typically had one call grouping containing two groups of 
three calls each repeated five to seven times.  
I labeled each call filename according to species and the pond from which it was 
recorded. I separated filenames by species and assigned a number (1-3) that 
corresponded with treatment recordings. I randomly assigned which treatment file was 
projected at each pond, ensuring that calls did not originate from the pond at which they 
were projected. This is important due to the ability of R. catesbeianus to identify 
conspecific neighbors based on their vocalizations and respond more aggressively to 
the novel male (Bee & Gerhardt, 2002; Davis, 1987).   
Each call was tested for sound pressure level, in decibels, at 50 cm from the face 
of the speaker to determine what speaker volume levels would reach 102 dB, to match 
the calls projected by an average sized calling male R. grylio at 50 cm (Gerhardt, 1975). 
I measured sound pressure using dB Meter Pro (3.0.2) iPhone application created by 
Performance Audio ©. I installed the application on an Apple © iPhone 5c and used the 
built in microphone to measure sound levels.  
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Figure 2. Photographs of each projection site.  
A). Reserve Pond B.) Miles Swamp C.) New Pond 1 D.) New Pond 2 E.) Green Pond B  
F.) Green Pond A 
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Callback Surveys  
I conducted callback surveys between 29 June and 13 July 2015, from 12 pm to 
12 am. I sampled three ponds two to three times daily. I projected calls from two 
speakers (Pyle indoor/outdoor waterproof speakers 350 watts PDWR63) placed at 
ground level at the edge of the pond. I placed acoustic data loggers five meters away 
from the pond edge. I attached speakers to Jensen JAHD240 waterproof heavy duty 
two channel audio amplifier output RMS 2x 20 watts and run by Expert power BLMFM 
12_20 12v20 Ah/20HR battery. I selected one projection site per pond based on 
vegetation density between land and water. Sites selected contained less vegetation, 
decreasing interference with sound projection.  
I broke surveys into two sections, 1) before callback projection, and 2) after 
callback projection. During before callback projections, I set up speakers and then sat 
quietly for 15 minutes to allow the resident frogs to return to pre-disruption call rates 
(Sung et al., 2005). I then started recording, using acoustic data loggers, three minutes 
of a passive pre-callback control of each species without the callback projection. After 
the pre-callback control, I projected a R. catesbeianus or R. grylio recording for one 
																																		
Set	up	
equipment	
Before	 After	
15	minutes	
Quiet	
3	minutes		
Pre-callback	
Control	
	
Recording	
1	minute	
Callback	
projection	
	
Recording	
3	minutes	
Responses	
	
	
Recording	
15	minutes	
Quiet	
Resume	pre-
projection	call	
rate	before	
switching	species	
	
Figure 3. Callback projection protocol. 
Callback projection protocol. Each survey was broken into two sections, before and after 
call projection. Before call projection, speakers were set up, followed by 15 minutes of 
quiet (Sung et al. 2005), followed by recording three minutes of pre-callback projection 
control. Then for one minute a recording of a call was projected. After callback 
projection, three minutes of responses were recorded. Then there was a 15-minute 
break before switching the focal species of the survey. The shaded region denotes the 
period during which acoustic data loggers were recording.     
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minute. After the active callback projection, I recorded an additional three minutes to 
capture response calls (Mannan et al., 2014). I waited for fifteen minutes after the 
response period before repeating the methods for the other species; the order of the 
calls was randomized (figure 3). The pre-callback control period simulated a passive 
monitoring effort and allowed me to compare the number of responses after callback 
projection to the passive monitoring methods.    
Data Analysis 
I documented the presence or absence of focal species calls on acoustic data 
loggers during before and after callback projections. I recorded a call detection as “1,” 
and non-detection (or absence of call) as “0.” These methods were repeated for R. 
catesbeianus and R. grylio as well as R. catesbeianus in response to R. grylio 
projections, and R. grylio in response to R. catesbeianus projections (R. catesbeianus 
à R. catesbeianus, R. grylio à R. grylio, R. catesbeianus à R grylio, R. grylio à R. 
catesbeianus).  
All statistical analyses were performed in SAS ® [9.4]. I used conditional logistic 
regression to estimate the probability of a response based on the survey method, either 
active callback or passive traditional methods. I used Type 3 analysis of fixed effects to 
examine significance, and odds ratios to compare responses during control and 
treatment callbacks. Data were stratified by survey to account for a lack of 
independence among observations during the same survey. Logistic regression was 
performed on data for callback surveys done with R. catesbeianus projections with R. 
catesbeianus as the focal species, as well as with R. grylio projections, with R. grylio as 
the focal species. As a post hoc analysis, I compared Rana grylio response to Rana 
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catesbeianus and R. catesbeianus response to R. grylio. Data structure (quasi-complete 
separation of data points) precluded the use of logistic regression for this analysis. 
Thus, I used contingency tables to compare the number of control and callback 
responses. Analysis of heterospecific responses was done post-hoc to control for the 
possibility that the males were responding to the sound and not the call.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Odds ratio by species for comparison of detection after 
callback projections, compared to a pre-callback projection control. 
Odds ratio by species for comparison of detection after callback 
projections compared to a pre-callback projection control. Rana 
catesbeianus were 26 times more likely to be detected after callback 
projections. Rana grylio were 7.5 times more likely to be detected after 
callback projections. 
 12 
RESULTS 
 
Rana catesbeianus  
I performed 79 Rana catesbeianus callback surveys. I detected R. catesbeianus 
during the passive pre-callback control in nine surveys (11.4%), and during active 
callback projections (treatment) in 34 surveys (43%). Conditional logistic regression 
indicated a significant positive effect of R. catesbeianus callbacks on the probability that 
R. catesbeianus responded (b=1.6290 ± 0.5095; p=0.0014). Odds ratios indicated that 
R. catesbeianus was 26 times more likely to be detected after the treatment than during 
the pre-callback control (figure 4).  
Rana grylio  
I detected R. grylio in 50 out of 79 surveys (63.3%) during the passive pre-
callback control and 63 times after active callback projections (79.7%). I detected a 
significant positive effect of callback surveys on R. grylio response (b = 1.0075 ± 
0.3764; p = 0.0074). Odds ratios indicated that R. grylio was 7.5 times more likely to be 
detected after the active callback projections than during the passive pre-callback 
control (figure 4).  
 
 
 Treatment  
Pond 1 2 Total 
1 8 8 16 
2 4 2 6 
6 0 2 2 
Total 12 12 24 
Table 2. Contingency table for Post Hoc analysis of Rana catesbeianus response  
to Rana grylio callbacks. 
Contingency table for Bullfrog, Rana catesbeianus, responses before (1) and after (2) 
Pig Frog, Rana grylio, callback projections. I failed to detect a significant response by 
R. catesbeianus to heterospecific callback projections (c2 (2, N=24)=2.66, p>0.05). 
 13 
 
 
Post Hoc Analysis 
 
I detected R. catesbeianus 12 times during the passive pre-callback control 
period for Rana grylio callbacks (15.2%), and 12 times after active R. grylio callbacks 
were projected (15.2%). Male R. catesbeianus response to Rana grylio calls did not 
differ between passive control and callback treatment (c2 (2, N=24)=2.66, p>0.05), 
indicating that R. catesbeianus was not responding to R. grylio calls. I detected R. grylio 
during passive pre-callback control for R. catesbeianus in 50 out of 79 surveys (63.3%) 
and in 53 surveys after active R. catesbeianus callback projections (67%). Male R. 
grylio response to R. catesbeianus calls did not differ between passive control and 
callback treatment (c2 (3, N=103)=0.6054, p>0.05; Table 2 and Table 3). 
DISCUSSION 
The results of this study indicated that active sampling significantly increased the 
probability of detecting R. grylio and R. catesbeianus, supporting my hypothesis that 
active sampling techniques increase the likelihood of detecting R. catesbeianus. My 
results likely reflected the increased level of territoriality of R. catesbeianus. Multiple 
sources have noted behaviors such as posturing, increased vocalizations, and wrestling 
between male R. catesbeianus (Harding, 1997; Wiewandt, 1969). Territorial behavior 
 Treatment  
Pond 1 2 Total 
1 11 11 22 
2 15 15 30 
3 5 8 13 
4 19 19 38 
Total 50 53 103 
Table 3. Contingency table for Post Hoc analysis of Rana grylio response  
to Rana catesbeianus callbacks.  
Contingency table for Pig Frog, Rana grylio, responses before (1) and after (2) 
Bullfrog, Rana catesbeianus callback projections. I failed to detect a significant 
response to the heterospecific callback by R. grylio (c2 (3, N=103)=0.6054, p>0.05).   
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likely explains the increased probability of detection after active sampling for both 
species. 
Rana catesbeianus sensitivity to rival males is exemplified by their ability to 
recognize novel males from neighboring males with established territories regardless of 
the location of the calling male (Bee & Gerhardt, 2002; Davis, 1987). This recognition 
presents itself as a decrease in the level of the territorial response towards an 
established neighbor (Bee, 2003). It has been hypothesized that the males that can 
learn and recognize their territorial neighbor’s boundaries exert less energy defending 
their territory from the established neighbor, leaving more energy to defend from novel 
conspecifics (Temeles, 1994). This strategy is called neighbor recognition, or the dear 
enemy effect, and is noted in over 47 species of animals, including Rana catesbeianus 
(Bee, 2003). 
It is unlikely that the probability of detection of R. catesbeianus in this study 
suffered from neighbor recognition. I took neighbor recognition into account by 
randomizing the call that was projected during each survey as well as not projecting a 
call to a pond that it was created from. Additionally, recognition is only accomplished 
through projecting calls for hours over multiple nights (Bee & Gerhardt, 2002; Owen & 
Perrill, 1998); it is unlikely that during the brief amount of time the frogs were subjected 
to the calls in this study, one minute every three hours, they were habituated. 
Post hoc analysis failed to detect R. catesbeianus responding to R. grylio calls, 
indicating that, during callback surveys, R. catebeianus was responding to species-
specific calls, not callback broadcasted sounds. This failure to detect a significant 
response from heterospecific projections could be due to R. catesbeianus being able to 
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distinguish the call as from another species, and therefore not a threat to its mating 
success. The failure to receive significant responses from heterospecific projections is 
reassuring, indicating that callback surveys are an effective, species-specific, survey 
method. Further work is still needed to better determine the effect of heterospecific 
projections on callback survey methods.   
Surprisingly, R. grylio detection was significantly increased by callback surveys. 
However, consistent with my second hypothesis, the degree to which detection was 
increased was not as strong as R. catesbeianus, indicating that the strength of territorial 
behaviors is likely an important consideration for the applicability of callback surveys.  
Rana grylio was 7.5 times more likely to be detected during active sampling than 
using traditional passive sampling techniques, which indicate that R. grylio might 
maintain territories that are based on the distribution of emergent vegetation or other 
surface objects (eg., logs). Defensive behaviors of R. grylio have been poorly 
documented (Lamb, 1984; Wright, 1932), suggesting that they are less territorial than 
their relatives. Rana grylio has also been described as almost exclusively aquatic 
(Barbour, 1920), which may make them less likely to establish and defend territories. A 
lower level of territoriality in R. grylio is supported by a comparison of the odds ratio of 
R. catesbeianus (26) and R. grylio (7.5). Conversely, R. grylio response to callback 
surveys may be independent of territory; rather, it may be an attempt to call traveling 
females away from rival males and towards the caller. Despite their possibly lower level 
of territoriality, the active callback methods work to significantly increase the probability 
of detection for R. grylio, indicating that these methods work for two closely related 
species that have slightly different life history strategies. Only studying two species with 
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slightly different life history strategies is insufficient to determine how well these 
methods work across the broad range of strategies exhibited by anurans. To get a 
better picture of how these strategies (i.e. calling behavior and territoriality) affect 
response rates, more species of various life history strategies need to be examined.  
Post hoc analysis failed to detect R. grylio responding to projection of R. 
catesbeianus calls. One reason I failed to detect R. grylio responding to heterospecific 
call projections could be that R. grylio can differentiate between the calls of conspecifics 
and heterospecifics. No studies have indicated that R. grylio can recognize their 
neighbors; however, closely related R. catesbeianus and R. clamitans have been 
identified as species that can recognize their neighbors (Davis, 1987; Owen and Perrill, 
1998). Another reason I failed to detect R. grylio responding to heterospecific callbacks 
could be due to R. catesbeianus being a predominant, gape limited generalist, that often 
uses heterospecific breeding calls to locate prey (Bury and Whelan, 1984; Green and 
Pauley, 1987; Werner, 1991). It is also likely that these methods work best as species 
specific survey methods as neither species responded to heterospecifc call projections; 
however, further testing is needed.    
My results indicate that callback surveys may provide a more effective method 
for surveying anurans, optimizing the probability of detection, while decreasing spatial 
and temporal sampling efforts. Future callback work should account for variation in pond 
sizes, as sound pressure levels decrease non linearly as distance increases. It is 
possible that this excludes anurans from the sampling if their established territories are 
sufficiently far enough from the speaker. The location of the anurans within the pond 
being surveyed could influence the efficacy of the callback method, if they are located 
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within the center of the pond where the speaker levels are insufficient to sound like a 
close enough intruder. Other important considerations for further study include the 
impact of various life history strategies on response to this survey method.  
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